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SUMMARY 


The Invest igat Ion of the flow In a centrifugal pump In- 
dicated that the flow patterns In frictional fluid are fun- 
damentally different from those In frictionless fluid. In 
part lcular , the dead air space adhering to the section side 
undoubtedly causes a reduction of the theoretically possible 
delivery head. 

The velocity distribution over a parallel circle Is al- 
so subjected to a noticeable change as a result of the In- 
complete filling of the passages. The relative velocity on 
the pressure side of the vane, which for passages completely 
filled with active flow would differ little from sero even 
at comparatively lower than normal delivery volume, is In- 
creased, so that no rapid reverse flow occurs on the pressure 
side of the vane even for smaller delivery volume. 

It was established, further, that the flow ceases to be 
stationary for very small quantities of water. 

The Inflow to the Impeller can be regarded as radial for 
the operating range In question. 

The velocity triangles at the exit are subjected to a 
significant alteration In shape as a result of the Increased 
peripheral velocity, which may be of particular Importance 
In the determination of the guide vane entrance angle. 


i •• 

"Untersuchung der Stromung in elner Zentr lfugal— Pumpe . " 
Mittellungen £es Hydraullsohen Institute der Technischen 
Hochschule, Munchen, Ro. 4, 1931, pp. 1—27. 
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INTRODUCTION 


The actual power input of a centrifugal puap ie con- 
siderably leee than that stipulated theoretically on the 
assumption of an infinite number of wanes. The eause of 
the power reduction lies in the uneven pressure and ve- 
locity distribution over a parallel circle as conseauence 
of the "passage vortex." It le true that the modern cal- 
culating methods allow for this phenomenon and also for the 
reduction in flow— off angle directly connected with it, and 
do achieve a satisfactory agreement with reality by means 
of correction factors. Nevertheless , the velocity triangles 
at the exit, which are decisive for the attainable delivery 
heads, cannot be definitely indicated. Exact knowledge of 
the flow conditions especially at the exit is, on the other 
hand, desirable in many respects, suck as in the design of 
the guide vanes, for Instance. The assumptions which are 
necessary for the prediction of the flow pattern, especially 
the one that the impeller passages run always full with 
active flow, lead to erroneous conceptions of the flow 
distribution, particularly for smaller throughflow quantities, 
as will be readily seen from the subsequent report. Admit- 
tedly, there was no longer any doubt as to the incorrectness 
of the assumption of passages being completely filled with 
active flow, after the phenomenon of dead air space forma- 
tion on airplane wings had been closely observed. But little 
Importance was attached to this fact in its effect on the 
performance . 

Theoretical studies of the extent of this effect in- 
troduced by the formation of dead air space present con- 
siderable difficulties, because of the absence of any kind 
of reference data on the extent of the dead air tones and 

their variability with changes of — (q = throuehflow 

o> 

quantity, w = angular veloolty). The experimental investi— 

r ation of these phenomenona with the use of the rotoscope 
devised by 0. Thoma) forms the subject of the present re- 
port. 


DESCRIPTION OT THE EXPERIMENTAL SETUP 


The posed problem of exploring the flow processes in a 
centrifugal pump demanded that the principal aim in the 
structural design of the experimental pump be centered on 
the possibility of clear observation of the flow. 
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Experimental Pump (Pig. l). 

The water ayetem differed little from etandard practice, 
except that the arrangement and the drive of the pump were 
designed for the particular purpose in view. By arrange- 
ment of the Impeller conforming to figure 1. the section 
pipe became stationary, and the observation of the flow was 
not obstructed by an extraneous support. It is essential 
that the Impeller be shut off in front by a glass wall. 


Impeller 


The Impeller has six vanes of conventional design. Tor 
constructive reasons the vanes were of 8— millimeter thickness. 
The impeller was designed for n «* 400 rpm , ft ■ 8.3 liters 
per second, and H a 1.65 meters. 


The principal dimensions are as follows: 


Width at entrance b x 
Width at discharge b a 
Diameter at entrance D x 
Diameter at discharge D a 
Diameter of inlet pipe D a 
Number of vanes * 
Entrance angle Pi 
Discharge angle . P a 


0.0225 meter 
0.020 meter 
0.140 meter 
0.280 meter 
0;100 meter 
6 

17° 

28° 


The Impeller was illuminated by six concentrically ar- 
ranged 100— watt lamps. Tor the photographic work six arc 
lamps of about 1000 candle power each were added, which 
reduced the exposure time to l/lOOO second. 


Total Arrangement 

The water taken from a pressure line was carried to the 
test pump by way of a large water tank kept at constant level 
by an overflow. The whole arrangement can be seen from fig- 
ures 1, 3, and 4. Pressure and water were regulated by a 
slide valve fitted in the pressure line. Iron there the water 
passed to the balance set up in the subcellar where it was 
discharged in the tall water after weighing. The pump was 
driven by electric motor with variable speed. In order to 
eliminate the viscosity effect, which is much more evident 
at the comparatively small dimensions of the test pump, than 
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In moat practical applications, the speed was chosen as high 
as consistent with the strength of the glass plate — 450 rpm. 
The Reynolds number is, of course, occasionally greater in 
practical applicat ions ; for normal water volume and n * 450 
rpm the Reynolds number of the test pump referred to the 
hydraulic radius at the inlet and outlet of the Impeller 
passages, was, however, 164,000 and 108,000, so that no 
fundamental changes of the flow are to be expected for larger 
vers ions . 

The head was measured by mercury manometer. 


Observation of flow 

The flow 1 b observed during the operation of the pump 
by the rotoscope shown in figures 1 and 4. The rotoscope 
(reference l) is based on the phenomenon that the reflected 
image of a stationary ob.lect rotates when the plane of re- 
flection is rotated. 

Therefore, it is possible to make a rotating object 
appear at rest when the object is reflected about a plane 
which passes through the line of view coinciding with the 
axis of rotation and rotates at half the Impeller speed about 
the line of vision. The reflection is affected by a so-called 
Dove prism. The rotoscope, set up 1.3 to 1.5 meters from 
the pump Impeller, is driven by belt and electric motor; a 
fly wheel takes up minor irregularities of the drive. The 
speed is adjusted by series resistance and braking of the 
fly wheel by hand to half pump speed. The rotoscope gives 
a perfectly still picture only when it is mounted co— axially 
with the pump. In many testB, however, a camera rotating at 
pump speed was arranged Instead in the extension of the 
pump center, bringing its optical axis on a line with the 
pump shaft. The camera was operated by chains and counter- 
shaft from the pump. The shutter was released during oper- 
ation. An interconnected .electrically actuated friction 
coupling permitted starting and stopping of the photographic 
apparatus (interruption of rotary motion) without having to 
stop the pump. (See fig. 6.) But for the photographing the 
rotoscope was utilised at the same time, because it is not 
necessary in all circumstances that pump shaft and rotoscope 
axis coincide in one line. Sven when both meet at not too 
great an angle, satisfactory observations are still obtain- 
able for many purposes, so long as thlB point of intersection 
coincides with the center of the Impeller (fig. ?). The use 
of camera and rotoscope simultaneously has the great advan- 
tage of accurate timing of the flow attitude desired for 
photographing. 
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The flow was rendered risible by a mixture of aso— acid 
(red) and nigrosine introduced at various points, indicated 
as A, B, and C. The dye was Introduced centrally through 
a 6— millimeters thick brass tubing (rotating) in the pump 
shaft (fig. l). To forestall accidental disturbances due 
to the finite thickness of the dye tubes ( 2— millimeter 
thickness) one rane was equipped with three holes (0.5 milli- 
meter in diameter) into which the dye was poured through a 
covered groove in the vane (fig. 8). The speed of outflow 
was kept low by suitably chosen height level of the dye 
container, in order to avoid a falsification of the flow 
pattern through high entrance speed of the dye mixture. 


EXPXB INEHTAl RESULTS 


Note: According to the investigations by Oertll (ref — 

ference 2) in the laboratory of the Federal University, 
Zurich, the flow through a centrifugal pump is not completely 
two-dimensional, although he was able to establish the fact 
that, except for unusually wide departure from normal oper- 
ating conditions, the total flow in the Impeller is suffi- 
ciently characterized by the distribution of the stream 
filaments in the median throughflow plane. For this reason 
the dye outlet flow was arranged in the center of the vanes. 


Inflow to Impeller 

In order to obtain information regarding the assumption 
of vertical inflow serving as basis of the impeller calcu- 
lation, the observation of the absolute flow became necessary. 
Hence, in these experiments the rotoscope and the rotating 
camera were not required. The observation was made by naked 
eye, the photographic records were made by stationary camera. 
Five different flow attitudes for n * 460 rpm are reproduced 
in figures 9, 10, 11, 12, and 13, The corresponding photo- 
graphs from test series II (n *> 350 rpm) show no difference 


in flow 

distribution 

from those taken 

at n ® 

450 

rpm. 

P igure 

rpm ( 

Q . 

liters 
/s ee) 

Q 

(h 


Remarks 

Q norm 

9 

450 

14.81 

1.58 

0.752 

Q 

above normal 

10 

450 

9.40 

1.00 

1,885 

Q 

normal 

11 

460 

5 .74 

.61 

2.351 

Q 

below normal 

12 

460 

3.20 

.34 

2.568 

Q, 

below normal 

13 

460 

1.85 

.20 

2.589 

Q 

below normal 
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It is readily Been that the departure from vertical in- 
flow remains within narrow Halts. "Preliminary rotation 
'becomes perceptible only for small quantities of water 
(figs. 12 and 13). This is likely to he due less to friction 
effect than to reverse flow from the Impeller passages, which, 
at sinking of the delivered water volume below a certain limit 
was very plainly observed in the subseauently described tests 
(fig. 19 ). lor the present, it may be stated that reverse 
flow begins in several passages at greatly subnormal water 
volumes, but that the flow is not stationary in resnect to 
the Impeller. The place at which the reverse flow prevails, 
varies. The back flowing water subjected to rotation mires 
in the space before the entrance with the fresh water and 
causes it to rotate. The mixing process combines with the 
reverse flow to produce a very irregular velocity distribution 
as exemplified in the peculiarly torn and twisted form of the 
dye filament. (See figs. 12 and 13.) 


Plow in the Impeller Passages 

A number of theoretical studies have dealt with the prob- 
lem of identifying the relative flow in rotating channels. 

The procedure usually consisted of dividing the total flow in- 
to two parts, a vortex free throughflow and a flow with con- 
stant vortex corresponding to the angular velocity of the 
impeller, but without throughflow. The great advantage of 
such a division is that the variations in the velocity con- 
ditions at changes in throughflow or angular velocity are 
easily accounted for. Kucharskl (reference 3) succeeded, 
although with friction discounted, in finding a rigorous theo- 
retical solution for a rotating Impeller of very simple form 
with straight vanes of finite length reaching radially to the 
center. The conventionally employed Impeller forms with 
curved passages, finite vane lengths, which interseot the en- 
trance circle, offer considerable difficulties to the mathe- 
matical solution of the flow pattern. In this connection 
reference is made to studies by Spannhake (reference 4) which 
were made by means of oonfbrmal transformation on the basis 
of specific conditions. But the actually resulting flows, 
especially for very small quantities of wat er, departed con- 
siderably from the theoretical solution on account of the 
friction and the instability and separation phenomena in- 
duced by it. Prom the observations described here it was con- 
cluded that in no case, whether at normal, above, or below nor- 
mal delivery of water, the passages were completely filled 
with active flow. 
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Determination of Halt between dead air space and ac- 
tive flow.— Tor reasont of greater accuracy in the subse- 
quent investigations the dye outlet designated with A is 
largely resorted to. At the start of the dye Injection the 
boundary layer emanating from the entrance edge is, at first, 
considerably colored, ae seen from figure 14 (dye inflow at 
B) taken a short time after etart of dye outflow. The color- 
ing of the dead air space is barely noticeable. But gradu- 
ally the color collects in the dead air space until finally 
the entire space appears filled with colored liquid ( of . fig. 
16). Apart from small and very small quantities of water, 
a fairly sharp separation appears to take place. This is 
not to Imply, however, that no interchange of fluid occurs 
at all between the two tones. (The preservation of the 
vortex motion specifies an interchange.) But, in general, 
the amount of water that passes through the dead air space 
is disappear lngly small compared to the total delivery. 

Description of flow at different proportions of water 

, Q Q 

volume -w— The decrease of the ratio — — ■- below 

$ normal Q normal 

a certain limit is accompanied by two typical characteristics 
in the flow: 

1. The flow is no longer stationary (appearance of vary- 

ing reverse flows ). 

2. The flow attitude at a given time Interval differs 

In the several impeller passages. 

The transition from stationary to pulsating flow is 
Illustrated on Beveral worked -out problems. 

In figure 15 the flow conditions are represented for 

n ■ 858 rpm q Q, ■ 2.46 liters per second 

Q. 

0.47, H ** 0.75 meter 

Q normal 


(Graphical reproduction of relative flow observed in the 
rotoscope.) Bo dissimilarity of flow conditions were observed 
in the Individual impeller passages for this quantity of water, 
but more than half of the passages were full of dead air. The 
active sone was only a fairly narrow strip closely hugging the 
pressure side of the vane. A brisk vortex motion prevailed in 
the dead air sons. 
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Jigure 16 is the photographically obtained flow picture 

a 

for n “ 250 rpm; 4 .*-2.79 liters per seeond; q normal 
* 0.53; H “ 0.77 meter. 

figure 17. The water performance was reduced to 

I * 

1.038 liters per second I * 0.206; n ■ 240 rpm; 

I 4 normal 

H ** 0.79 meter J. 

This condition is characterised hy fairly regularly recurring 
pulsations (1.5— sec periods). The Inflow to the impeller 
passages itself is no longer regular. The source of these 
disturbances lies undoubtedly with the Impeller vanes. The 
impeller passages are now almost completely filled with dead 
air which pulsates periodically. The forward and backward 
flow in the passages is not simultaneous; but while the 
water flows forward in several passages, it flows back in 
others. During the return flow a part of the passage con- 
tent spills over the entrance circle again and so passes in- 
to the next or next to the next passage. The water particles 
of the effective water current are probably conveyed inter- 
mittently through the Impeller passages at the individual 
per lode . 

The exact process within a period is described with the 
aid of figure 17 (4 ■ 1.038 liters per secondi n ■ 240 rpm; 

4 

» 0.206; H « 0.79 meter). The color Jet emerees 

4 normal 

(beginning of period) at point B and runs along the pressure 
side (fig, 17, first condition) in channel I for a short 
distance while closely adhering, then begins to form vortices 
under gradual separation from the vane wall, which fill the 
entire width of passage I. The time during which the color 
jet enters this passage amounts to a small fraction of a 
second. The color vortices, however, remain for a compara- 
tively long time in the passage and pulsate back and forth, 

A gradual break-away of the colored water particles occurs 
at point a on the vane. In the meantime the principal 
flow has formed in passage II (fig* 17, seeond flow con- 
dition), approximately 1/3 to l/4 second after start of the 
period. The color jet proceeds as indicated and forms 
vortices which nearly fill the entire passage. These vortices 
likewise pulsate back and forth, while the vane tip at 6 mani- 
fested break— away of colored water particles. The termination 
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of the forward flow in passage II is Indicated hy a sudden 
Inflow of colored water Into passage III (fig. 17, third 
flow condition), where the sane phenomena were observed as 
a short time before In passages II and I. Shis Is the end 
of a period, during which the Impeller makes from 5 to 7 
revolut Ions . 

figures 18 and 19. She photographs need no further 
explanation. Reverse flows In the passages I and IV are 
plainly visible, likewise the forward flow of the water In 
passage III. figure 20 (n = 243 rpm; Q ■= 0.133 litem 
o 

per second; * 0.025$ H * 0.812 meterX She irregu— 

Qnormal 

larltles of the flow are more pronounced, since the pulsations 
are more active and the area In which these motions occur 
Is greater. 

In connection with the description of flow conditions 
for different below— normal Quantities of water, several 
photographic records have been included although they offer 
nothing new In principle, for these photographs a different 
coloring method was used at the suggestion of D. Shoma. 

Shrough a valve mounted In the suction pipe of the test pump, 
which received the dyestuff under positive pressure. It was 
possible occasionally to color the total delivery water. 

At the start of the test the pump was driven with clear water. 
The valve was opened shortly before releasing the shutter. 

The active flow shows up black In the flow pictures (figs. 

21 and 22), while the dead air spaces on the suction side 
of the vane are still filled with clear water, 

With larger volumes of water the coloring of the total 
delivery water became Impractical for the identification 
of the two sones , because the Interchange of colored and 
clear water was too rapid in conseauence of brisk turbulence; 
hence the photographs did not turn out satisfactory. Better 
results were obtained with a partial coloration of the water. 
This was secured by a dividing wall in the Buctlon pipe of 
the pump, with the valve In the position shown in figure 23. 
The vanes passed alternately in a sone of dyed and clear 
water. The dead air spaces In the upper part of the picture 

again appear as black areas (fig. 24). — *» 0.47, 

Q normal 

Flow at normal water volume (— — «* l') Figure 25 

normal ' 

represents the flow conditions for n * 400 rpm; Q ■ 8.86 
liters per second} ^ v 1,05} H * 1,41 meters. 


u 


Q normal 
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The first premise of a hydraulically "beneficial flow — shook 
free entry — Is complied with as can he deduced, from the 
clearage 'eft the dye filament at point B. (The mouth of the 
coloring tube was located In the extension of the median 
line of the vane. ) Contrariwise, it is found that the flow 
in the Impeller passages Is not oulte as desired. A dead 
air space clings to the suction side of the vane at the 
exit, which for the area available for the throughflow re- 
duces the section Z— Z "by about 1 /3 f and cons eauently raises 
the velocity of the water by 50 percent. This formation 
of dead air space causes a flow-off at a mueh smaller angle 
than the vane exit angle (20.5° as against 28°). There was 
scarcely any evidence of separation at the pressure side of 
the vane. The flow hugs the vane wall closely. 


Relation between the Dead Air Spaces on the Suction and 
Pressure Side of the Tane at 
Variation in Throughflow Volume 

The findings of the preceding two chapters are now briefly 
summarized in order to point out the variations of the result- 
ant flow pattern on changing from one volume of water to an- 
other. The observations Indicated that even for supernormal 
water volume a dead air space develops at the outlet on the 
vane suction side, which on reduction of the delivered vol- 
ume increases In extent. The breate-away point shifts con- 
tinuously toward the entrance edge. On the pressure side 
the phenomena are reversed. The dead air space, which is 
greatest for supernormal volume of water, decreases and dis- 
appears altogether for normal or subnormal volume. The pas- 
sage cross section available for the active flow then Is gov- 
erned by the extent of the suction side dead air space. If 
the volume of water is small the active flow is restricted 
to a small passage along the pressure side of the vane, a 
phenomenon which is not to be expected In frlctiocless fluid. 

To gain an insight into the magnitude, extent, and 
variation of the dead air spaces, as well as their relation- 
ship, it was necessary to include the flow pictures of the 
other rotational speeds for the interpretation (fie, 27), 

The lines of demarcation between active zone and dead air 
space were determined from the photographic records. The 
very nature of the matter made a sharp definition of the 
boundary lines of the two areas impossible, The interming- 
ling is much more pronounced for small volumes than for ereat 
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volumes. The platting of the four employed speeds condensed 
In figure 27 indicates that the boundary areas between active 
flow and dead air space oh suction and pressure side of the 
▼ane diverge very little for any delivery volume (very small 
quantities of water exoepted). In other words, the passare 
remaining for the active flow between inlet and discharge 
cross section has nearly the same width. When the dead air 
space at the pressure side disappears the boundary area runs 
approximately parallel to the vane. 


COMPARISON 07 THB PLOW PATTERNS 07 7RICTI0N1BSS 71UID WITH 

THE OBTAINED 7L0V PICTURES 


Since the resultant flow in frictionless fluid can be 
regarded as being composed of two unrelated separate flows 
(pure rotation flow with the passage vortex as and the 
throughflow) the character of the total flow Is on the whole 
determined by the rotation flow when the quantities of water 

are small ^ ** small, and by the throughflow when the auanti— 
(0 

ties of water are great ( supernormal ) < 


Pure Rotation Plow Q = 0 

The flow pattern represented In figure 28 for pure ro- 
tation flow (Q = 0) was computed by Kucharskl for the straight 
radial vane extending to the center. Applied to the present 
Impeller conditions the flow pattern should be as shown In 
figure 29 (operation in frictionless fluid.) The fluid 
circles relative to the Impeller passage In closed orbits 
about a stationary nucleus. A comparison with the conditions 
of flow In figures 30 and 31 indicates that the presence of 
friction introduces a fundamental change in the character 
of the pure rotation flow. The negative passage vortex Is 
dissolved in a number of continuously changing slnele vortices, 
without a trace of the original existence of the negative 
passage vortex. However, this deviation should not be held 
as objection against the theory, because it Is clear that 
the friction attains controlling Influence for deficient 
throughflow — or more precisely for very small throughflow — 
covering only the slot losses. At most, the theoretical flow 
pattern might be expected immediately after starting., 
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Tlow at Small Quant it lea of Water 

Kucharshl's theoretical prediction of the flow pattern 
In frlctlonleaa fluid (fig. 32) afforda a reference point 
for plotting the streamlines for the present Impeller con- 
ditions (fig. 33). 

She separation of a fluid core on the pressure side of 

the rans Is Unusual. lor small quantities — t ■ small) 

\Qnormal / 

the velocities caused by the passage vortex exceed the pure 
throughflov velocity} thus reverse flowa are to be expected 
on the pressure side of the vane, where the velocities are 
subtracted. Contrariwise, the velocity Increases at the 
suction side of the vane. The operation In frictlonless 
fluid presents no occasion for continuously changing, dis- 
similar flow conditions In the Individual impeller passages, 
in point of fact the same condition, which remains constant 
for a certain operating case, will prevail In all passages. 

The flow picture of figure 16 serves for comparison; 
its delivery is surely reduced to such an extent that In 
frictlonless fluid reverse flows are to be expected on the 
pressure side of the vane, while the uncertainties. In- 
troduced by the pulsation of the flow for very small Quanti- 
ties of water, are removed. The following picture is pre- 
sented: Reverse flows on the pressure side of the vsne in 

consequence of the negative passage vortex do. In fact, not 
occur, rather a substantial dead air space develops on the 
suction side of the vane. 


X77Z0T 0? DEAD AIR SPACE OH THE OBTAINABLE HEAD 


The decrease in the power absorption of an impeller Is 
partly explained by the described processes. 

The principal equation, under the assumption of vertical 
Inflow and infinite number of vanes, gives the theoretical 
head (fig. 34a) at 


H th" * £ 

In figure 34b the average velocity triangle at the exit is 
shown as obtainable on the premise of finite number of vanes 
and with pressure and velocity distribution over a parallel 
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olrele according to data in literature (reference 6) (complete 
filling of passages with active flow presumed). Qualitatively, 
.the,, ealculat ion -furnished a correct' picture; the actually 
occurring velocities on the pressure and suction side of 
the vane can he seen from figure 36. The relative position 
of the colored filaments affords an insight into the velocity 
distribution of the impeller. In the same time interval, 
during which particle P travels the distance PP" , the water 
particle Q reaches Q" , This distance is much shorter, hence 
proves the higher speed on the suction side of the vane. 

This phenomenon increases the average relative discharge 
velocity and reduces the outflow angle; both result in a re- 
duced power absorption. The incomplete filling of the im- 
peller passages with' active flow acts in the same sense; it 
produces a further increase in the average relative discharge 
velocity and a second reduction of the head. ( Of . velocity 
triangle, fig. 34c.) 


BPPECT OP INCREASED HER ID I AH VELOCITY c' ao Off THE SIZE OF 
THE GU IDE VAHE EffTEAffCE ANGLE 


The absolute paths of the water particles after exit from 
the Impeller are, theoretically, logarithmic spirals on the 
assumption of constant width of passages. The dissimilarity 
of angle a and a 1 is evident from figure 34. The tangent 
of angle a' under which the absolute paths slope toward the 
circumference is 


c au 

It is seen that the lnorease from o aia to c'sjq caused 
by tfye dead air space produces a greater angle n* , With 
angle a, the active flow would result in a shock at the 
impeller entrance. The existence of the clearance space be- 
tween impeller and guide apparatus lessens, the entrance 
shock because a certain equalisation is achieved in this 
part. 


EIPBCT OP GUIDE APPARATUS OH THE RELATIVE PLOW Iff THE IKPELIER 

The presence of a guide apparatus itself affects the flow 
in the impeller. The relative flow in the impeller loses its 
stationary character. This phenomenon ties in with the too— 
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small guide vane entrance angles — owing to nonobservat Ion 
of the dead air space formation. The flow— off conditions 
for the separate flow tubes of a passage differ at a specific 
Instant. At point A (fig. 36) only a small space is avail- 
able to the flow for a change in direction* hence the shock; 
is relatively stronger than at B. The flow pictures indicate 
that the presence of a guide apparatus can, under certain 
circumstances, beoome the cause of new disturbances. The 
experience of several researches (reference 6), that the 
Installation of a guide apparatus improves the efficiency 
only for very accurately chosen guide vane entrance angles, 
is herewith explained. 


Translation by J. Vanier, 
National Advisory Committee 
for Aeronautics. 
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Figure 4. 



Figure 5 
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Figs. 6,7,8 
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Figs. 9,10,11,12,13,14 
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Figure 26 












